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ABSTRACT: Domestic dogs (Canis familiaris) are frequent visitors to protected areas, but little is known 
about how they affect wildlife communities. We studied the effects of dogs on wildlife communities 
by comparing the activity levels of wildlife in areas that prohibited dogs with areas that allowed dogs. 
We measured wildlife activity on trails and up to 200 m away from trails using five methods: (1) pellet 
plots, (2) track plates, (3) remote triggered cameras, (4) on-trail scat surveys, and (5) mapping prairie 
dog (Cynomys ludovicianus) burrow locations. The presence of dogs along recreational trails correlated 
with altered patterns of habitat utilization by several species. Mule deer (Odocoileus hemionus) activity 
was significantly lower within 100 m of trails in areas that allowed dogs than in areas that prohibited 
dogs. Small mammals, including squirrels (Sciurus spp.) and rabbits (Sylvilagus spp.), also exhibited 
reduced levels of activity within 50 m of trails in areas that allowed dogs when compared with areas 
without. The density of prairie dog burrows was lower within 25 m of trails in areas that allowed dogs. 
The presence of dogs also affected carnivore activity. Bobcat (Felis rufus) detections were lower in areas 
that allowed dogs, and red fox (Vulpes vulpes) detections were higher. These findings have implications 
for the management of natural areas, particularly those that allow dogs to be off-leash.

Index terms: domestic dogs, mule deer, protected area management, recreation, recreational trails

INTRODUCTION

Domestic dogs (Canis familiaris) are 
ubiquitous in human society, yet we 
know relatively little about their ecology 
or interspecific interactions with wildlife. 
Numbering approximately 400 million 
worldwide, with 74.8 million in the United 
States alone, domestic dogs far outnumber 
all other canids combined (Coppinger and 
Coppinger 2001; APPMA 2007). Dogs 
frequently accompany recreationists to 
protected areas, and can be the most 
common carnivore in these areas (Butler 
et al. 2004). Outdoor recreation is grow-
ing rapidly in popularity with a variety of 
impacts to wildlife (Knight and Gutzwiller 
1995). Many consider dogs to be a major 
component of these impacts, particularly 
when they are present in high densities 
(Sime 1999). Dogs are also a ubiquitous 
component of exurban development (Odell 
and Knight 2001; Maestas et al. 2003), 
which comprises 25% of all private land 
in the contiguous U.S. (Brown et al. 2005). 
The impacts of these elevated dog numbers 
on wildlife are presently not understood 
(Bekoff and Meaney 1997; Sime 1999).

Dogs have a unique ecology in natural 
areas, with notable differences from native 
canids. Unlike wild canids, dogs are inef-
ficient hunters, but avid chasers (Serpell 
1995). Most dogs in protected areas in the 
United States are pets, and have their food 
requirements met at home, allowing them 
ample energy with which to interact with 
wildlife. Because most dogs accompany 

recreationists, their activity patterns are 
concentrated during daylight hours along 
trails, whereas wild canids roam freely 
and are most active during crepuscular 
and nocturnal periods, particularly when 
humans are frequently present (George and 
Crooks 2006). Also, dogs lack the defined, 
hierarchical social structure of native canid 
packs, and do not ecologically mimic their 
native counterparts (Fox 1971; Daniels and 
Bekoff 1989).

Nonetheless, dogs behave as carnivores 
and are capable of catching and killing 
prey species, such as white-tailed deer 
(Odocoileus virginianus) (Lowry and Mc-
Carthur 1978), including the endangered 
Key deer subspecies (Odocoileus virgin-
ianus clavium) (U.S. Fish and Wildlife 
Service 1999), small mammals (Scott and 
Causey1973), herpetofauna such as the 
endangered gopher tortoise (Gopherus 
polyphemus) (Causey and Cude 1978), and 
ground-nesting birds such as wild turkeys 
(Meleagris gallopavo) (Miller and Leopold 
1992). Numerous breeds of dogs have been 
specifically bred for hunting, with special-
ized traits for finding and catching prey, 
while others are bred for racing or fight-
ing, making them potentially dangerous to 
wildlife (Serpell 1995). Even without being 
chased, animals that are prey of wild canids 
may perceive dogs as predators and may 
be subject to non-lethal, fear-based altera-
tions in physiology, activity, and habitat use 
(MacArthur et al. 1982; Lima 1998; Miller 
et al. 2001), with potentially complex ef-
fects (Ripple and Beschta 2004).
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Most carnivores avoid direct interaction 
and conflict through the use of olfactory 
(Gorman and Towbridge 1989) and audi-
tory (Peters and Wozencraft 1989) commu-
nication. Carnivores, including dogs, often 
recognize and avoid areas scent-marked by 
other individuals or packs (Bekoff 1979; 
Gorman and Towbridge 1989). Wild canids 
sometimes increase their activity along the 
periphery of their territories, where they 
encounter novel stimuli and invest time 
in territorial surveillance and maintenance 
(Allen et al. 1999). Recreational trails 
with abundant dog scent could appear 
to carnivores to be linear dog territories, 
necessitating increased vigilance and ac-
tivity. Such opportunities may arise due 
to carnivores’ propensity to travel along 
trails, which often present the easiest route 
in rough terrain (Kohn et al. 1999). Some 
carnivores also interbreed with dogs, and 
may also be attracted to dogs for this rea-
son (Mengel 1971; Laurenson et al. 1998). 
Thus, through direct and indirect interac-
tions, dogs could potentially attract or repel 
native carnivores, depending on the species 
and nature of past interactions. Carnivores 
are often disproportionately important to 
the structure and function of ecosystems, so 
the ramifications of alterations in carnivore 
activity could be considerable, potentially 
cascading through an ecosystem (Soulé et 
al. 2005).

We investigated the cumulative effects of 
the presence of dogs on wildlife activity, 
including carnivores, ungulates, and small 
mammals. In 2004 and 2005, we measured 
the activity levels of mammals in two pro-
tected areas in Boulder County, Colorado, 
that prohibit dogs and in two areas that al-
low dogs off-leash under “voice and sight 
control.” Within these areas, we selected 
trails with similar levels of recreational use, 
and measured dog and mammal activity 
along the trails and also up to 200 m off-
trail. We hypothesized that the presence of 
dogs in protected areas would influence the 
activity of wildlife, and that these effects 
would extend away from trails. While we 
expected deer and small mammals to be 
less active where dogs are present, we did 
not know whether carnivores would be 
attracted or repelled by dogs.

METHODS

Study site selection

In Boulder County, Colorado, Boulder 
County Parks and Open Space (BCPOS) 
and the City of Boulder Open Space and 
Mountain Parks (OSMP) have protected 
over 45,810 ha of open space lands, with 
over 320 km of designated recreational 
trails that cumulatively receive over 7 mil-
lion recreational visits annually (BCPOS 
and OSMP staff, pers. comm.). Over 25% 
of these visitors are accompanied by dogs, 
adding over 2 million dog visits annually 
(Mertz 2002; BCPOS staff). BCPOS man-
ages Heil Valley Ranch (1993 ha) and Hall 
Ranch (1297 ha), both of which prohibit 
dogs and were chosen as study sites. To 
compare with the no-dog sites, we chose 
two OSMP areas where dogs are allowed 
off-leash under “voice and sight” control. 
OSMP North (~1203 ha) and OSMP South 
(~987 ha) were chosen to match the first 
two sites as closely as possible using the 
following criteria:

1. Ecological characteristics: All sites 
were within the foothills, with elevation 
ranging from 1615-2590 m in ponderosa 
pine (Pinus ponderosa) and Douglas fir 
(Pseudotsuga mensiesii) forests, with 
meadows and varied terrain.

2. Equivalent visitation: Because current 
visitation estimates were not available 
for OSMP sites, we followed staff rec-
ommendations to choose OSMP trails 
that were roughly matched to visitation 
levels for Heil Valley Ranch (48,890 
annual visits in 2003) and Hall Ranch 
(74,112 visits) (BCPOS staff). The 
equivalence of visitation levels among 
sites was confirmed empirically using 
Trailmaster® trail counters to estimate 
average hourly recreational visitation 
for each trail segment (Watson et al. 
2000). Counts were presumed to consis-
tently represent visitation along a trail, 
with the majority caused by humans and 
pets, and each visitor counted only once 
(Watson et al. 2000). Heavy weekend 
visitation was disproportionately im-
portant to visitation estimates. Because 
the number of weekday and weekend 

sampling days varied for each site, 
we gave equal weight to weekday and 
weekend hourly visitation rates using 
the following adjustment:

 Visitation (normalized) = 
  (5/7)*weekday visitation +
  (2/7)*weekend visitation.

 These data were intended to test visi-
tation rates of humans alone, but 30% 
of OSMP visitors are accompanied by 
dogs, adding to visitation counts (Mertz 
2002). To test visitation rates by humans 
across policies, we further adjusted the 
event data for OSMP sites by assuming 
that 30% of visitors were accompanied 
by dogs, so the total events equaled 
130% of human-triggered events. Thus, 
the proportion of events excluding 
dogs to total events was 100% / 130% 
= 0.769, with which we multiplied all 
OSMP visitation estimates to calculate 
an adjusted hourly visitation estimate. 
We then tested the equivalence of 
visitation across dog policies using 
a Sattherwaite t-test (PROC TTEST 
in SAS). Visitation did not differ be-
tween dog policies (df = 60, t = 0.57, 
p = 0.5738).

3. In all study sites, we excluded areas 
that were within 300 m of roads and 
structures or where slope exceeded 35º. 
Different types of recreationists – hik-
ers, mountain bikers, and equestrians 
– were assumed to have similar impacts 
to wildlife (Taylor and Knight 2003).

Field methods

To create indices of wildlife activity for 
comparison across dog policies, we used 
five methods: (1) pellet plots, (2) track 
plates, (3) remote-triggered cameras, (4) 
on-trail scat transects, and (5) mapping 
of prairie dog (Cynomys ludovicianus) 
burrow location in relation to trails. We 
randomly located sampling locations along 
trails by identifying a sampling interval 
(total length of trails in a site / number 
of transects), choosing a random number 
within this interval to place the first tran-
sect, then spacing subsequent transects at 
the pre-determined sampling intervals to 
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maximize trail coverage (minimum spac-
ing between transects = 500 m to ensure 
independence). At each sampling location, 
transects of pellet plots and track plates ran 
perpendicular to trails on one side, avoid-
ing other trails and steep slopes, with one 
sampling point placed randomly within 
each of three distance categories from the 
trail: 0-5 m, 50-100 m, and 150-200 m. 
Camera sampling and scat surveys were 
performed on-trail only, located indepen-
dently, and at least 200 m from pellet plot 
and track plate transects. Track plates and 
scat surveys were not performed within 2 
km of active camera traps. For all field 
methods, sampling effort was equivalent 
across the two dog policies.

1.  Pellet plots: Activity and habitat utili-
zation of herbivores (deer (Odocoileus 
spp.) and rabbits (Sylvilagus spp.)) were 
measured using pellet-group counts in 
100-m2 circular plots (Collins 1981). 
One set of plots was cleared during 
summer 2004 and re-checked 12 months 
later (n = 72), and a second set of plots 
was cleared early summer 2005 and re-
checked three months later (n = 48).

2. Track plates: Mammal activity was mea-
sured by the use of scented track plates 
(n = 150 locations), which consisted of 
a 1 m2 aluminum plate, coated with talc, 
with a carnivore lure (Carmen’s Pro’s 
Choice and Canine Call, Sterling Trap 
and Fur, Sterling, Iowa) in the middle of 
the plate (Sargeant et al. 2003). While 
these plates primarily targeted mid-sized 
carnivores, they were also used in the 
detection of small mammals (Glennon 
et al. 2002). Small mammal tracks 
were not identifiable to all species, but 
potentially included rabbits, squirrels 
(Sciurus spp.), chipmunks (Tamias 
spp.), ground squirrels (Spermophilus 
spp.), mice (Peromyscus spp., Reithro-
dontomys spp., Onychomys spp., Zapus 
spp., Mus spp.), voles (Clethrionomys 
spp., Phenacomys spp., Microtus spp.), 
and rats (Neotoma spp.) (Fitzgerald 
et al. 1994). For analysis, these small 
mammal species were lumped together. 
There were not enough native carnivore 
tracks for analysis. Plates were checked 
daily for three rain-free nights, for a 
total of 450 track nights. On each visit, 

tracks were photographed and identified 
(Halfpenny 2001), plates were cleaned 
and re-sprayed with talc, and lure was 
reapplied. Sampling locations were 
considered independent, but the three 
nights were not independent and were 
collapsed into a single data point.

3.  Remote-triggered cameras: TrailMas-
ter® cameras were used to monitor a 
variety of mammal species with un-
ambiguous identifications (Cutler and 
Swann 1999). From May to September 
2005, we placed 10 to 11 cameras across 
recreational trails for two weeks (mean 
= 13.5 nights, S.D. = 2.4) at two sites 
simultaneously, totaling 837 camera 
nights. The cameras were aligned at a 
height of .2-.6 m to detect medium-sized 
carnivores, and vegetation was cleared 
from the beam path to prevent false 
events. Camera locations were baited 
using the same commercial carnivore 
lures as the track plates. Cameras were 
revisited every 2-5 days to check on 
their function, replace film and batter-
ies, and reapply the lure. Due to high 
recreational visitation during the day, 
cameras were only active from ~8:00 
PM to ~8:00 AM. The infrared trigger 
was set for high sensitivity (2 to 4), with 
a delay of 3 minutes to avoid repeated 
photos of a single animal. Cameras were 
hidden using camouflage materials and 
were cable-locked to trees with signs 
explaining their purpose.

4.  On-trail scat surveys: Scat surveys were 
conducted from July 2004 through Oc-
tober 2005 on the longest continuous 
route of trails in each site. Every two 
weeks (mean = 17 days), each trail was 
walked and scat were identified (Half-
penny 2001) and cleared from the trail 
(n = 2,234).

5. Prairie dogs: We identified seven rec-
reational trails that ran through prairie 
dog colonies, each with a relatively 
“unbounded” geography that did not 
limit the movement of prairie dogs or 
the location of their burrows (Johnson 
and Collinge 2004). Three of these 
trails were in areas that did not allow 
dogs, and four were in areas that allow 
dogs off-leash under “voice and sight 

control.” We selected segments of these 
trails where prairie dog burrows existed 
continuously from the trail up to at least 
200 m from the trail on one side. We 
identified active burrows by observa-
tion of prairie dog activity, including 
fresh scat, evidence of digging, tracks, 
clear burrow openings, and prairie dogs 
themselves (Powell et al. 1994). With 
a laser rangefinder (Bushnell Yardage 
Pro®, accuracy +/– 2m), we measured 
the perpendicular distance from the trail 
to each active burrow within this trail 
segment up to 200 m from the trail.

Statistical analyses

We established α = 0.1 a priori for model 
selection and statistical tests to limit the 
probability of Type II errors (Holling and 
Allen 2002). All variables and interactions 
included in full models were selected a 
priori as relevant to the biology of the re-
sponse organisms, and did not include all 
possible combinations of variables. With 
the exception of the prairie dog and track 
plate data, mixed model analyses of vari-
ance (ANOVA) were performed using the 
method of Restricted Maximum Likelihood 
(REML) with PROC MIXED in Statistical 
Analysis Software (SAS Institute 1999). 
Model effects were eliminated one at a 
time, while ensuring interaction terms were 
dropped before their component variables, 
using α = 0.1 as criteria to retain variables. 
Study sites were considered fixed effects, 
limiting inference to these specific areas.

1.  Pellet plots: The density of pellet piles 
per ha sampled was square-root trans-
formed to stabilize the variance. For 
both rabbit and mule deer (Odocoileus 
hemionus) pellet densities, the ANOVA 
model included fixed effects of dog 
policy, site (nested within policy), dis-
tance from trail (three categories, nested 
within policy), and the interactions of 
policy x distance from trail and site x 
distance from trail. The random effect 
was transect location (nested within site 
and policy). When the Type-III F-test 
was significant for distance categories 
or the interaction of distance categories 
and dog policy, pairwise comparisons 
were made with Fisher’s-protected least-
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significant-difference method (Ott and 
Longnecker 2001).

2.  Track plates: The three nights of track 
plate data were combined into one whole 
number count of each species detected 
at each location, and were converted 
to an index of detection frequency (I) 
by dividing the count of detections per 
species (X) by the number of trap sta-
tions (n): I = X/n (Sargeant et al. 1998). 
These data were then analyzed using a 
mixed model ANOVA for binomial data 
using PROC GLIMMIX in SAS. Full 
model variables and interactions were 
the same as in the pellet plot analysis 
described above. Response variables 
included the tracks of domestic dogs 
and a combination of small mammals 
including squirrels, rabbits, chipmunks, 
mice, and voles.

3. Remote triggered camera photo data: 
An index (I) of activity for photos 
was calculated by dividing the number 
of photos (X) for each species by the 
number of nights (n) the cameras were 
active: I = X/n. This dataset was square-
root transformed to stabilize the vari-
ance, then analyzed using an ANOVA 
with the fixed effects of dog policy and 
site (nested within policy) and the ran-
dom effect of transect location (nested 
within site and policy) (PROC MIXED 
in SAS). We also tested the correlation 
of dog activity with average visitation 
for each trail segment by fitting a lin-
ear regression between these variables 
(PROC REG in SAS).

4.  On-trail scat surveys: Each surveyed 
trail was broken into 1-km segments 
(n = 35), and data were converted to a 
density of scats per km for each spe-
cies. These densities were square-root 
transformed to stabilize the variance. 
Due to the difficulty of identifying scats 
morphologically (Green and Flinders 
1981; Johnson and Beldon 1984), all 
native carnivore scat was combined. 
Densities for each trail segment were 
averaged per month, and these data were 
analyzed using a mixed model repeated-
measures ANOVA. We initially consid-
ered the fixed effects of dog policy, site 
(nested within policy), month, the pres-

ence of a trailhead (nested within site), 
and 2-way interactions between policy, 
site, and trailhead. Kilometer segment 
location was considered a random ef-
fect and month as a repeated measures 
variable. We expected these data to be 
both temporally and spatially autocor-
related, so we modeled this autocorrela-
tion using a first-order autoregression 
matrix AR(1) on both the month and 
kilometer segment variables (Ott and 
Longnecker 2001). We tested the ap-
propriateness of the AR(1) covariance 
structure with asymptotic Wald Z-tests 
on the covariance parameter estimates 
within each model and eliminated the 
autocorrelation parameter when it was 
not significantly different from zero 
(SAS 1999). The simplest model was 
used for Type-III F-tests on each ef-
fect.

5. Prairie dog burrow location: Distance 
from each prairie dog burrow to the 
trail was pooled by dog policies and 
normalized for colony size by dividing 
the raw number of burrows extending up 
to 200 m from the trail by the length of 
the trail segment to create a density of 
burrows per meter of trail: density = # 
burrows / meters of trail. This density 
was calculated for five a-priori trunca-
tions of the dataset focusing progres-
sively closer to the trail: 200 m (full 
dataset), 100 m, 50 m, 25 m, and 10 
m. Within each distance from the trail, 
we compared the mean burrow densities 
across dog policies using Sattherwaite 
t-tests (PROC TTEST in SAS).

RESULTS

Pellet plots

Pellet plot data indicated that the activity 
of mule deer and rabbits were both lower 
along trails in areas that allowed dogs 
and that the strength of this effect was 
influenced by distance from the trails. For 
both 12-month and 3-month summer pellet 
plots, dog policy and distance from the 
trails were significant predictors of deer 
activity (Figure 1). In areas that allowed 
dogs, deer pellet density was significantly 
lower 0-5 m from trails than 50-100 m 

from trails and also 50-100 m than 150-
200 m from trails (Table 1). In areas that 
prohibited dogs, deer activity was also 
lower within 5 m of trails than 50-100 m 
of trails, but deer activity did not differ 
between 50-100 m and 150-200 m from 
trails. Where dogs were allowed, deer were 
significantly less active than where dogs 
were prohibited both within 5 m and 50-
100 m from trails.

Rabbit activity was significantly lower 
along trails in areas that allowed dogs, but 
trends varied between the 12-month and 
3-month plots (Figure 2). For the one-year 
plots, dog policy (F22 = 4.93, p = 0.04) and 
distance from trail (F44 = 2.89, p = 0.07) 
were significant predictors of rabbit activ-
ity, but over the summer, only dog policy 
was significant (F12 = 9.56, p = 0.01). Over 
12-months in areas that allowed dogs, rab-
bit activity was similarly low within 5 m 
from trails and 50-100 m from trails, but 
was significantly higher 150-200 m from 
trails (Table 2). Comparing between dog 
policies, areas that allowed dogs had lower 
rabbit activity over the course of a year at 
two distance categories from trails: within 
5 m and within 50-100 m of trails.

Track plates

Dogs were not detected in areas where 
they were prohibited. In areas that allowed 
dogs, dogs traveled up to 85 m from trails, 
but most dog detections were within 5 m 
of trails. Track plate data indicated that 
activity of small mammals was inversely 
correlated with the presence of dogs (Fig-
ure 3). Within 5 m of trails, small mammal 
activity was significantly lower in areas 
that allowed dogs than in areas that pro-
hibited dogs (T94 = 3.36, p < 0.01). Within 
areas that allowed dogs, small mammals 
were less active within 5 m of trails than 
50 m or further from trails (T94 = –3.63, 
p < 0.01).

Remote-triggered cameras

Dog policy was a significant predictor 
of activity levels for a variety of spe-
cies, including dogs, red foxes (Vulpes 
vulpes), bobcats (Lynx rufus), and all 
native carnivores combined (Table 3). 
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Other carnivores detected included grey 
foxes (Urocyon cinereoargenteus), black 
bears (Ursus americanus), mountain lions 
(Felis concolor), striped skunks (Mephitis 
mephitis), coyotes (Canis latrans), and rac-
coons (Procyon lotor). Red foxes (n = 67) 
constituted 49% of all native carnivore 
photos (n = 130). As expected, dogs were 
photographed significantly more on trails 
in areas that allowed dogs than in areas 
that prohibited dogs. Dog activity was 
also correlated with human visitation 
(R2 = 0.218, F1,29 = 1.82, p = 0.01). On 

trails that allowed dogs, activity was also 
higher for all native carnivores combined, 
including native canids and especially red 
foxes, than along trails that prohibited dogs. 
Dog activity was inversely correlated with 
bobcat activity and rabbit activity.

On-trail scat surveys

On-trail scat surveys also showed dog 
policy to be a strong predictor of dog ac-
tivity (F1, 34.5 = 61.32, p < 0.01). Similar 
to the photo data, trails that allowed dogs 

also had higher levels of native carnivore 
activity (F1, 38.2 = 19.01, p < 0.01). Dog 
policy was not the sole significant predictor 
of scat density, however. For both dogs and 
native carnivores, seasonal variation was 
considerable, with higher scat density in the 
spring and summer (dogs: F11,230 = 2.18, 
p = 0.02; carnivores: F11,231 = 3.17, 
p > 0.01). In areas that allowed dogs, 
the presence of a trailhead within a ki-
lometer segment increased dog activity 
(F1,24.5 = 15.12, p > 0.01) and decreased 
carnivore activity (F1,42.2 = 5.95, p = 0.02) 
(Figure 4). For dogs, the strength of the 
trailhead effect depended on dog policy 
(F1,34.5 = 14.26, p > 0.01) and also on the 
month (F21,207 = 1.86, p = 0.01).

For both dogs and native carnivores, model-
ing the temporal autocorrelation between 
adjacent months using an AR(1) autoco-
variance structure significantly explained 
the variance in the final model (dogs: 
z = 3.03, p < 0.01; carnivores: z = –1.65, 
p = 0.09).

Prairie dogs

In areas where dogs were prohibited, there 
were significantly higher densities of prai-
rie dog burrows within 25 m (t4.59 = 3.78, 
p = 0.02) and 10 m of trails (t4.65 = 3.86, 
p = 0.01) than where dogs were allowed. 
Dog policy did not significantly predict 
prairie dog burrow density within 200 m 
(t2.3 = 1.14, p = 0.36), 100 m (t3.65 = 1.07, 
p = 0.35), or 50 m of the trail (t3.17 = 1.72, 
p = 0.18).

DISCUSSION

We found that the presence of dogs cor-
related with altered patterns of habitat 
utilization for mule deer, small mammals, 
prairie dogs, and bobcats. For mule deer 
and small mammals, the results tease out 
the role of dogs beyond the cumulative 
disturbance of recreationists (Figure 5). 
Even in areas that prohibited dogs, mule 
deer were less active up to 50 m from rec-
reational trails. But in areas that allowed 
dogs, deer showed reduced activity within 
at least 100 m of trails. Similar results 
were found for small mammals including 
squirrels, rabbits, chipmunks, and mice, 

Figure 1. Twelve-month and three-month deer pellet densities by dog policy and distance from trail. 
Different letters above columns indicate significant differences (p < 0.1) for comparisons between adja-
cent distance categories within policies, and for the same distance category between policies, based on 
a square root transformation of the data presented.
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and also for prairie dog burrow location. 
The differences in these distances, when 
considered along the lengths of these trails, 
represent areas of otherwise suitable mule 
deer habitat that are potentially unsuitable 
because of dogs. Because of this depth-
of-edge effect associated with dogs along 
recreational trails, for every protected area 
that allows dogs off leash, there is a certain 
percentage of that area that is unsuitable for 
certain species of wildlife, even though the 
habitat may be perfectly suitable otherwise. 
Understanding this effect can be important 
when planning the location of new trails, 
closing trails, or implementing restrictions 
regarding dogs and recreationists.

Wildlife species that are sensitive to rec-
reational disturbance are generally most 
sensitive to unpredictable spatial and 
temporal patterns of disturbance (Knight 
and Cole 1995). Predictable activities, such 
as recreation restricted to trails, may allow 
wildlife to habituate to those activities 
(Whittaker and Knight 1999). The spatial 
behavior of dogs off-leash is unpredictable; 
and when dogs wander off-trail, they are 
more likely to elicit flushing responses 
from deer, even if the dogs do not give chase 
(Miller et al. 2001). On two study sites, 
dogs were allowed to travel off-leash, under 
“voice and sight control,” and frequently 
traveled off-trail. Though leash rules have 
been found in certain urban parks to have 
no effect in protecting local biodiversity 
(Forrest and St. Clair 2006), the enforced 
use of leashes could restrict dog activity 
to a narrower trail corridor and minimize 
dogs’ influence on wildlife.

We found wildlife species that are preyed 
upon by native canids demonstrated sen-
sitivity to the presence of domestic dogs. 
The appearance and behavior of dogs 
are similar to wild canids, and ungulates 
and small mammals may perceive dogs 
as such. Mule deer and small mammals 
were both less active in the presence of 
dogs, and both are typical prey of wolves 
(Canis lupis), coyotes, and foxes through-
out their evolutionary history (Fitzgerald 
et al. 1994). Without even giving chase, 
dogs can elicit behavioral reactions from 
mule deer (Miller et al. 2001), prairie 
dogs (Bekoff and Ickes 1999), and other 
species. Bobcats may also be sensitive to 

dogs, which may mimic coyotes, a natural 
predator (Fitzgerald et al. 1994).

Several relationships between the activity 
of dogs and native carnivores were revealed 
by on-trail scat surveys and remote-trig-
gered photos. In areas that allow dogs, 
dog scat densities were highest and na-
tive carnivore scats were lowest within a 
kilometer of trailheads. Indeed, dogs often 
defecate very soon after arriving at a trail, 
and many visitors do not walk dogs much 
beyond the trailhead (OSMP, unpubl. data). 
The opposite was true up-trail, where dog 
scat densities were lower and native carni-

vore scat densities were higher. However, 
where dogs were prohibited, the presence 
of trailheads had no influence on carnivore 
activity. These inverse correlations of dog 
and native carnivore activity in areas that 
allow dogs indicate that native carnivores 
may be avoiding trailheads where dog 
activity is concentrated. Alternatively, 
carnivore activity may be elevated up-
trail where the dog scent-markings along 
a trail may be relatively novel stimuli to 
native carnivores, potentially instigating 
increased vigilance and investigation by 
native carnivores within their home ranges 
(Henry 1977; Allen et al. 1999).

Figure 2. Twelve-month and three-month rabbit pellet densities by dog policy and distance from trail. 
Different letters above columns indicate significant differences (p < 0.1) for comparisons between adja-
cent distance categories within policies, and for the same distance category between policies, based on 
a square root transformation of the data presented.
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Dog activity correlated with increased 
photo detections of red foxes and decreased 
detections of bobcats. Red foxes may be 
resilient to the presence of dogs, while 
bobcats may be sensitive to the presence of 
dogs. Red foxes may be common on OSMP 
lands because they are a highly resilient 
species able to thrive in close proximity 
to humans (Major and Sherburne 1987), 
whereas bobcats may be scarce on OSMP 
lands because they are secretive and elusive 
from humans (Woolf and Hubert 1998).

In addition to the altered spatial patterns 
of wildlife activity described in our study, 
dogs could also alter temporal patterns 
of wildlife activity. Bobcats and coyotes 
have demonstrated temporal shifts in their 
activity to avoid peak times of human 
recreational visitation (George and Crooks 
2006). Examining both spatial and tempo-
ral patterns of wildlife activity is necessary 
to understand how wildlife co-exists with 
high levels of human recreation and dogs 
in a limited area.

Management Implications

Regulating the activity of dogs in natural 
areas may be of particular importance when 
conservation goals include the management 
of species that may perceive dogs as preda-
tors. The potential for such disturbance may 
be inferred by identifying if target species 

Pairwise comparisons
12-month plots 3-month plots

Dog policy & distance from trail F P F P
Dogs: 0-5 m Dogs: 50-100 m -3.28 <0.01 -2.25 0.03
Dogs: 50-100 m Dogs: 150-200 m -3.97 <0.01 -4.07 <0.01
No dogs: 0-5 m No dogs: 50-100 m -5.38 <0.01 -3.45 <0.01
No dogs: 50-100 m No dogs: 150-200 m 1.49 0.14 -0.22 0.83
Dogs: 0-5 m No dogs: 0-5 m 1.89 0.07 1.73 0.09
Dogs: 50-100 m No dogs: 50-100 m 3.56 <0.01 2.93 <0.01
Dogs: 150-200 m No dogs: 150-200 m 0.80 0.43 0.90 0.37

Table 1. Pairwise comparisons for mule deer pellet densities between combinations of dog policy and 
distance from trail. These comparisons were performed only when overall F-tests for treatment effects 
were significant. Denominator degrees of freedom for 12-month plots = 44; for 3-month plots = 28.

Pairwise comparisons: 12-month plots
Policy & distance Policy & distance 

F P
from trail from trail 

Dogs: 0-5 m Dogs: 50-100 m -0.89 0.38
Dogs:  50-100 m Dogs: 150-200 m 2.10 0.04
Dogs: 0-5 m No dogs: 0-5 m 2.49 0.02
Dogs: 50-100 m No dogs: 50-100 m 2.32 0.03
Dogs: 150-200 m No dogs: 150-200 m 0.73 0.47

Table 2. Pairwise comparisons for rabbit pellet densities between combinations of dog policy and 
distance from trail. These comparisons were performed only when overall F-tests for treatment effects 
were significant. Denominator degrees of freedom for 12-month plots = 44; for 3-month plots = 28.

Species
Photo detection frequency

n F d.f. P
Dog areas No-dog areas

Dogs 1.04 <0.01 228 77.19 1,57 <0.01
Native carnivores 0.25 0.07 130 16.09 1,60 <0.01
Native canids 0.17 0.03 82 16.6 1,60 <0.01
Red foxes 0.14 0.01 67 13.97 1,60 <0.01
Coyotes 0.01 0.02 12 0.11 1,60 0.75
Mule deer 0.03 0.03 28 0.16 1,60 0.69
Mountain lions 0.01 0.01 9 0.16 1,59 0.69
Bobcats <0.01 0.02 10 8.53 1,60 <0.01
Black Bears 0.03 0.02 16 1.38 1,59 0.33
Striped skunks 0.01 0.02 11 0.08 1,60 0.78
Rabbits 0.03 0.06 32 0.88 1,60 0.35

Table 3. Camera detections and comparisons by dog policy.
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have wild canids as natural predators. Trails 
that are kept dog-free or with dogs closely 
restricted to trails could protect against the 
demonstrated ecological impacts that dogs 
have on wildlife communities and could 
facilitate wildlife viewing opportunities 
for trail users.

Policies regulating types of recreational 
use in protected areas should be considered 
within a regional context, considering both 
the relative ecological and recreational 
values of an area. The types of recreational 
uses allowed on trails influences the rates 
of recreational visitation and their associ-
ated ecological impacts. On multiple-use 
trails with high levels of recreational use, 
user conflicts – particularly those involving 
dogs – can occur more frequently, influenc-
ing an area’s social carrying capacity and 
presenting an important consideration for 
managing recreational use on public lands 
(Manning et al. 1996; Bauer 2004).

To further explore the effects of dogs on 
wildlife communities, we recommend be-
fore-after control-impact studies with new 
trails that are created, investigations into the 
role of dogs in wildlife disease, and larger-
scale studies that consider trail densities 
and rates of recreational visitation.
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